The albedo is the white part of the citrus peel, which acts as a water reservoir for the juice sacs, seeds and leaves in times of drought. As the functionality of the albedo is unknown, we examined in this study the hypolipidemic and bifidogenic potentials of dietary fiber (DF) prepared from the Mikan (Japanese mandarin orange: Citrus unshiu ) albedo. The albedo was obtained from Mikan harvested in Arida, Wakayama Prefecture, and total DF (TDF), water soluble DF (SDF) and water insoluble DF (IDF) were extracted. Albedo TDF contained arabinose (37.21%), galactose (16.05%), xylose (18.30%) and glucose (13.94%), but did not contain detectable amounts of galacturonic acid. Albedo SDF inhibited the enzymatic digestion of triolein by pancreatic lipase in vitro. The SDF, at a concentration of 80 mg per 6 mL of substrate solution, significantly inhibited the activity of this enzyme ( Ͼ 50%). As compared to a control group on a 5% cellulose diet, rats fed a diet containing 1% albedo TDF for 4 wk showed significantly decreased serum triacylglycerol concentrations, increased fecal lipid excretion, and no changes in hepatic lipid content (triacylglycerol, total cholesterol, and phospholipid) or serum concentrations of total cholesterol or phospholipid. Consumption of albedo TDF also increased the number of bifidobacteria in the cecum. In this report, we have demonstrated that consumption of albedo TDF increased the levels bifidobacteria in the rat cecum, and decreased serum triacylglycerol concentrations due to the accelerated lipid excretion into the feces caused by the inhibition of pancreatic lipase.
many previous studies have demonstrated various biological activities of citrus DF, no reports are available that address the effects of the albedo as a functional food. Here, we hypothesized that the albedo also has some health-promoting activity.
We have reported that the DF present in the inedible parts of some vegetables has a bifidogenic activity in vitro ( 7 ) . Although there are two types of DF, water soluble (SDF) and water insoluble (IDF), prebiotic activity has been reported only in SDF. Since we identified bifidogenic activity in total DF (TDF) ( 7 ), we extracted DF from the Mikan albedo, and examined bifidogenic and hypolipidemic activity in the TDF by an animal experiment and the inhibition of the pancreatic lipase activity in the SDF by an in vitro experiment.
MATERIALS AND METHODS
Materials . Albedo of Mikan (harvested in Arida, Wakayama Prefecture, Japan) was selected as an inedible part of the fruit. The fresh albedo was obtained from the inside of peels and segment membranes manually. Prepared albedo was freeze-dried and milled to produce a powder finer than 0.8 mm. TDF was extracted by the method of Prosky et al. ( 8 ) . Then SDF and IDF were extracted by modification of the method of Prosky et al. ( 9 ) .
Glucose (Glucose C2 Test Wako) and lipid assay kits E-mail: emiko.i@suma.kobe-wu.ac.jp
(Triglyceride E-Test Wako, Total Cholesterol E-Test Wako, Phospholipid C-test Wako and NEFA C-Test Wako) were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Lipase from porcine pancreas and the sodium salt of taurocholic acid (TCANa) were purchased from Wako Pure Chemical Industries, Ltd. All other chemicals were of the best grade commercially available, unless otherwise noted. Experimental protocol . All animals and experimental protocols were approved by the Ethical Committee of Kobe Women's University on Animal Research.
Male Wistar-Hannover GALAS rats (BrlHan: WIST), 4 wk old, were purchased from CLEA Japan, Inc. (Shizuoka, Japan). They were housed in individual cages with stainless steel wire-bottom in air-conditioned room at 23 Ϯ 1˚C, with 50 Ϯ 5% humidity on a 12 h light-dark cycle (light from 0700 to 1900). After being given a standard diet (CE-2, CLEA Japan, Inc., Tokyo, Japan) for 4 d, the rats were randomly divided into two groups, each consisting of 6 rats. The first group of rats received a diet containing 5% (w/w) cellulose (control), while the other group received a diet containing 4% cellulose and 1% TDF extracted from the albedo (albedo DF) for 4 wk. The composition of their diets is shown in Table 1 . Rats were allowed free access to food and water. We set TDF concentration as 1% of food because there were no data about this TDF and it was important not to cause diarrhea.
The body weight and food intake were measured three times per week for 4 wk. Fecal samples were collected during the last 3 d of the experimental period (day [25] [26] [27] . After drying at 105˚C for 17 h, fecal samples were milled and total lipids were extracted according to the method reported by Folch et al. ( 10 ) .
On day 28, after overnight fasting, the rats were anesthetized with an intraperitoneal injection of sodium pentobarbital at 66 mg/kg body weight and the abdomen was opened to collect blood sample from the large abdominal vein. Blood samples were centrifuged at 1,670 ϫ g for 15 min, and the obtained serum samples were used for the measurement of glucose, cholesterol, triacylglycerol (TG) and phospholipid concentration. After the blood samples were collected, all animals were sacrificed by exsanguination, and the liver was immediately excised, weighed, and divided into appropriate segments for lipid extraction. The cecum was removed with its contents and measured for total weight, the weight of the contents and the cecum wall. The cecum contents were mixed thoroughly and 0.5 g of the contents was taken to examine the microflora. After that, the pH of the cecum contents was measured directly. White adipose deposits were collected from the retroperitoneum, mesentery and around the kidney, and then weighed.
These samples (serum and liver) were stored at Ϫ 20˚C until analysis.
Assays . Analysis of constituent sugars: To determine the constituent sugar composition of the albedo TDF, alditol acetylation was carried out according to the method reported by Englyst et al. ( 11 ) . The sample was dissolved in chloroform, and sugar composition analysis was carried out with the gas chromatograph GC-14B (Shimadzu Co., Kyoto, Japan) equipped with a flame ionization detector. The integrator used was a Chromatopac C-R8A (Shimadzu). The temperature of the fused silica capillary column (SP TM -2380; 30 m ϫ 0.25 mm i.d. ϫ 0.25 m film thickness; Supelco, Bellefonte, PA, USA) was programmed to rise from 190 to 235˚C at a rate of 4˚C/min. The injector and detector temperature were 240 and 290˚C, respectively. The flow rate of helium carrier gas was 1.0 mL/min with a split ratio of 1 : 50. Each peak was identified by GC-MS (Agilent Technologies 5975C VL MSD equipped with a 6890N Network GC System, USA).
Determination of serum glucose concentration: The serum glucose concentration was determined by the glucose oxidase method using a commercially available kit.
Determination of lipid content in the liver and serum concentration: Total lipids in the liver were extracted according to the method reported by Folch et al. ( 10 ) , and dissolved in t -butanol : methanol : triton X-100 (50 : 25 : 25, v/v). Concentrations of total cholesterol, TG and phospholipids in liver extracts and serum were analyzed enzymatically using commercially available kits.
Measurement of the pancreatic lipase activity in vitro . Lipase activity was determined by the rate of oleic acid released from triolein ( 12 ) . Inhibition of lipase activity was estimated by the reduction of the activity brought about by SDF addition. The substrate emulsion was prepared by sonicating triolein (160 mg) with a 3 mL of TCA-Na (0.83 mg/mL) in a 0.1 M Tris-HCl buffer (pH 7.4) for 60 min, and the resulting emulsion was diluted by the 3 mL of TCA-Na. The SDF (40 mg and 80 mg) was mixed with 6 mL of the diluted substrate emulsion and sonicated for 60 min. The mixture (2.0 mL) was incubated with 0.1 mg/mL of pancreatic lipase (0.2 mL/0.108 U) for 30 min at 37˚C. The enzyme reaction was terminated by incubation in boiling water for 2 min. The amount of oleic acid released in the suspen- The mineral and vitamin mixtures were prepared according to the AIN-93G formula.
sion was determined using a commercially available kit. Bacterial analysis in cecum contents . To examine the microflora, the collected cecum contents (0.5 g) were suspended in 4.5 mL of anaerobic diluents ( 13 ) . We used the classical culture method which was partly modified method of Mitsuoka et al. ( 14 ) .
All experiments were carried out in a glove box saturated with nitrogen gas. Residual oxygen concentration was monitored with an oxygen gas meter OX-94G (Riken Keiki, Tokyo, Japan) ( 13 ) . After a thorough mixing, a series of 10-fold dilutions (10 -1 to 10
) was made in anaerobic diluents. From appropriate dilutions, 0.05 mL aliquots were spread onto non-selective and selective agar plates. The non-selective agar plates used in this experiment were glucose blood liver (BL) agar (Nissui, Tokyo Japan) for anaerobes and tripticase soy blood (TS) agar (BBL, Microbiology System, Cockeysville, Maryland) for aerobes. The selective agar plates were deoxycholate hydrogen sulfide (DHL) agar for enterobacteriaceae, and MRS agar (Difco, Maryland) for lactobacilli. The TS and DHL agar plates were incubated aerobically for 24 h at 37˚C, whereas the BL and MRS agar plates were incubated anaerobically for 48 h at 37˚C. All of the colonies on BL and MRS agar plates were picked up and streaked onto the other BL agar plate to check aerobic growth. The identification of bacterial group such as bacteroidaceae, bifidobacteria, eubacteria, peptococcaceae, and enterococci was carefully performed with colonial and cellular morphologies, gram staining and aerobic growth, while comparing with the standard strains.
Calculation and statistical analysis . All data were presented as the mean and standard deviations (mean Ϯ SD). A p -value of less than 0.05 was considered to be significant. The statistical analysis was performed using SPSS version 17.0 for Windows (SPSS Inc., Tokyo, Japan).
RESULTS

Content of dietary fiber in albedo of Mikan
The weight of fresh albedo decreased by 67% after lyophilization (data not shown). We obtained 52.28 Ϯ 5.15 g of TDF from 100 g of dried albedo. Therefore, it was shown that the about 17.3 g of TDF was contained in 100 g of fresh albedo. The ratio of IDF and SDF was about 2 : 1.
Composition of albedo dietary fiber
The high content of sugar was observed in the following order: arabinose Ͼ xylose Ͼ galactose. These sugars accounted for about 70% of total sugar. However, garacturonic acid was not detected. Effect of albedo DF on the body weight gain , food intake , food efficiency , and weight of the cecum , liver and intra-abdominal fat There were no significant differences in body weight gain, food intake or food efficiency between the control and the albedo TDF group (Table 4) . Weight of the cecum content of the albedo TDF group was significantly lower than that of the control group. Weight of the liver of the albedo TDF group tended to high, whereas that of intra-abdominal fat had a similar value compared with those of the control group.
Effect of albedo DF on lipid parameters of serum and liver
Serum glucose concentration in the albedo TDF group was slightly higher than in the control group, although not statistically significant. Serum TG concentration of the albedo TDF group was significantly lower than that of the control group (Table 5) . Triacylglycerol content in the liver tended to decrease in the albedo TDF group compared with that in the control group. Serum After alditol acetylation of albedo TDF, sugar composition analysis was carried out with the gas chromatograph GC-14B. Then each peak was identified by GC-MS. cholesterol concentration of the albedo TDF group was slightly higher, whereas cholesterol content in the liver of the albedo TDF group was slightly lower than that of the control group. However, these differences were not statistically significant. Phospholipid concentration in the serum and the content in the liver were not significantly different between the control and the albedo TDF group.
Inhibition of pancreatic lipase activity by albedo SDF
The SDF inhibited pancreatic lipase activity in the assay system using triolein ( Table 6 ). The SDF at 80 mg/6 mL inhibited significantly the enzyme activity more than 50%.
Effect of albedo DF on lipid content in the feces
The amount of lipid excretion to the feces in the albedo TDF group tended to increase compared with that of the control group. However, no significant difference was observed because there were individual differences in the amount of feces. Therefore, lipid content (% of wet weight) in the feces was estimated. Lipid content in the albedo TDF group significantly increased compared to that of the control group. However, diarrhea was not observed in either group of rats ( Table 7) .
Effect of albedo DF on microflora in the cecum contents
All microflora in the cecum content of the albedo TDF group rats were similar to those of the control group rats except for enterococci and bifidobacteria (Table 8) . Colonies of bifidobacteria were detected only in the albedo TDF group, but not in the control group. In addition, the number of colonies of enterococci in the albedo TDF group tended to be lower than that of the control group.
DISCUSSION
Our present studies have demonstrated that (1) DF extracted from the albedo of Mikan contained arabinose, galactose, and glucose, but not detectable galacturonic acid; (2) rats fed albedo TDF for 4 wk showed decreased TG concentrations in the serum and cecum contents, and increased fecal excretion of lipids; and (3) bifidobacteria were only detected in the cecum contents of the albedo group. The ratio of SDF and IDF in the extracted DF from Mikan albedo is approximately 2 : 1. Although it is well known that the segment membrane of citrus fruits contains a high amount of pectin, of which the main constituent sugar is galacturonic acid (5), the content of galacturonic acid in the TDF from Mikan albedo was below the detection limit.
Food intake and body weight gain in the albedo TDFfed rats were not significantly different from those in the control rats. Although 35% of the TDF was SDF, cecal wall weight was only slightly higher in the albedo TDF group than in the control group, and the pH of the cecum contents was slightly lower than in the control group. In this experiment, the amount of cellulose in the diet was decreased because albedo TDF was added instead of cellulose. The albedo TDF includes SDF that can be used by intestinal microflora. When xylooligosaccharide was added in a similar manner, the weight of the cecum contents and the cecal wall increased in a dose-dependent manner compared to those in the cellulose group (15) . Therefore, it is thought that the weight of cecum contents did not increase because the amount of the albedo TDF added to the food was insufficient and the amount of cellulose was decreased.
In this experiment, only the TG concentration in serum was significantly decreased by administration of the albedo TDF. VLDL secretion has been reported to decrease upon feeding with oligofructose, because the serum glucose concentration and insulin level were decreased and the hepatic activity of FAS decreased (16) . Oligofructose is a non-digestive oligosaccharide and has bifidogenic activity similar to albedo TDF. As is well known, insulin decreases the serum glucose concentration. In this experiment, a significant difference was not observed in serum glucose concentrations between the albedo TDF group and the control group. Therefore, it was concluded that there was no influence of albedo TDF consumption on the amount of insulin secretion. Consequently, we assume that there is no difference in FAS, whose activity is promoted by insulin. Moreover, the phospholipid concentrations in both liver and serum, and the TG content in the liver, were not significantly different. Therefore, we believe that the decrease in serum TG concentration is not due to the decline of intrinsic TG synthesis, but to the reduced absorption of ingested TG.
The SDF fraction of the albedo TDF inhibited porcine pancreatic lipase activity, similar to that reported for lactosucrose (12) . Previous studies have demonstrated that water extracts from the segment membranes of various citrus fruits have much stronger inhibitory activities on pancreatic lipase, with IC50 values less than 0.5 mg/mL (5) . Extracts from segment membranes of citrus fruits consist of a large molecular weight fraction (MWϾ300,000) containing pectin, and a small molecular weight fraction (MWϽ300,000) including arabinose, xylose, galactose, and glucose. The lipase inhibitory activity of the large molecular weight fraction is higher than that of the small molecular weight fractions. The constituent sugars of the albedo TDF extracted from Mikan are similar to those in the small molecular weight fractions, which are neutral polysaccharides. These results suggest that the pectin content in the albedo TDF is very low.
Previous studies have demonstrated that administration of a lipase inhibitor (17, 18) significantly increases total lipid excretion in feces in a dose-dependent manner. It is assumed that the lipid that is not absorbed from the small intestine is excreted in the feces. Consistent with this assumption, the lipid content in the feces of the albedo TDF group was significantly higher than that of the control group, suggesting an increase in fecal lipid excretion. In our previous study, we have demonstrated that the DF present in the inedible parts of some vegetables has bifidogenic activity in vitro (7), and that the albedo TDF promotes bifidobacterial growth in vitro (unpublished observation). We therefore analyzed the microflora in the cecum of albedo TDF-fed Wistar rats. The number of bifidobacteria generated in Wistar rats on a normal cellulose diet is less than the detection limit (7, 13, 19, 20) . Consistent with these studies, bifidobacteria were not detected in control rats fed a diet containing 5% cellulose. Although we employed the classical culture method to analyze cecal microflora, good reproducibility was obtained. We found that the number of bifidobacteria in the albedo TDF group was greatly increased, whereas it was under the detection limit in the control group. It has already been reported that bifidobacteria produce arabinosidase (21) . In addition, arabinose is poorly absorbed in the small intestine (22) . Therefore, high amounts of arabinose were included, even though xylose, glucose, galactose, etc. were also included in the composition of the Mikan albedo. In addition, we have reported that feeding with L-arabinose increases bifidobacteria in the cecum of Wistar rats (19) . Therefore, arabinose in the albedo TDF might be selectively fermented by bifidobacteria.
A recent study has demonstrated that different types of bifidobacterial feeding resulted in either a decrease in both TG and cholesterol concentrations, or only in the TG concentration, in the serum of rats (23) . Additionally, it has been reported that many strains of bifidobacteria have a cholesterol-lowering effect (24) . Moreover, the cholesterol-lowering effect is relevant not only to the consumption of SDF but also to fermentation by intestinal microflora. In the latter case, intestinal microflora produce a large amount of short chain fatty acids such as acetic acids and lactic acids (25) . In our case, only TG was observed to decrease; no significant difference was seen in the levels of short-chain fatty acids (data not shown). The number of bifidobacteria that can lower cholesterol did not increase in this experiment. Further, because these rats were not given a high-fat diet, no accumulation of TG in the livers of control rats was observed. Therefore, we conclude that there are no differences in liver TG content. The decrease of only serum TG concentration was thought to be due not only to the inhibition of the pancreatic lipase by the dietary fiber but also to the effect of increased bifidobacteria. When the lipid content per wet weight of feces was compared, the lipid content in the albedo TDF group was significantly higher than that of the control group. The lipid content in the feces of the albedo group tended to be high, but a significant difference was not observed in the amount of the lipid excreted in the feces. It is conceivable that rats have individual differences in the amount of feces and the excretion of lipid, and in water content of the feces because it is impossible to collect them at the time of defecation. However, it is believed that albedo TDF feeding increased the excretion of lipid in the feces due to the inhibition of pancreatic lipase activity by albedo SDF (Table 6) .
In this report, we demonstrated that consumption of albedo TDF increased bifidobacteria in the cecum of rats and decreased TG concentration in the serum.
